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SEMICONDUCTOR COMPONENT 
Cross-Reference to Related Application: 

This application is a continuation of copending International 
Application No. PCT/DEOO/01251 , filed April 20, 2000, which 
designated the United States. 

Background of the Invention; 

Field of the Invention: 
The invention relates to a voltage-controlled semiconductor 
component in which a high voltage is present between the 
terminals forming the load path. 

The costs in the manufacture of a grid power supply constitute 
a fundamental problem. Suitable selection of a grid power 
supply is dependent on the application, just like the 
components that are intended to be used. Switched-mode grid 
power supplies, in particular, are being used more and more 
often. This is due, inter alia, to the fact that many complex 
circuit configuration of a switched-mode power supply can be 
combined on a single integrated semiconductor chip. This 
enables cost-effective manufacture. A semiconductor chip of 
this type has, in particular, a power switching device and a 
drive configuration for the power switching device. In this 
case, the load terminals of the power switching device are 
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connected to a high supply voltage, whereas a voltage having a 
significantly lower signal level is required for driving the 
power switching device. Therefore, the integrated 
semiconductor chip has regions that are configured for a high- 
5 voltage application (power switching device) and further 
regions that work with a low voltage level {drive 
configuration) . Therefore, a semiconductor chip of this type 
requires a terminal to which a high supply potential can be 
applied, and also a further terminal that makes available a 
tjO low supply potential for the control components. The low 
iia supply potential can be generated for example by reducing the 
la high supply potential via a resistor between the further 

terminal and the high supply potential. However, wiring of 
this type causes permanent losses. 



XT 



IS Therefore, it would be advantageous if a signal that is fed to 

i' *"3 

a drive configuration and would serve for its supply could be 
derived directly from the load voltage present across the 
power-switching device. At the same time, the power- switching 
device should assume the lowest possible forward resistance in 
20 the conducting state. 



A power- switching device of this type is disclosed, for 
example, in Balakrishnan (U.S. Patent No. 5,285,369), which 
describes an integrated circuit configuration used in a 
switched-mode power supply. In this case, the integrated 
25 circuit configuration has a power- switching device including 
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two semiconductor switches connected in series with one 
another. The first semiconductor switch is a JFET, while the 
second semiconductor switch is a high-voltage MOSFET. At the 
junction point between the two semiconductor switches, which 
5 are connected up in series by their load paths, a low voltage 
can be tapped off, which is fed to a voltage regulator of the 
drive device. As a result, components having a high and 
having a low supply potential requirement in the integrated 
circuit configuration can be combined because a signal derived 
^jp from the load voltage can be fed to the components having a 

' • IT* 

jij low supply potential. The construction of the power- switching 

t ( 

t t £ 

:. 

(j device including a JFET and a high-voltage MOSFET is described 

rO for example in Eklund (U.S. Patent No. 4,811,075) or Eklund 

u (U.S. Patent No. 5,313,082). 

: S 
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i 
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15 However, disadvantages with such power switching devices 
1'^ (hereinafter, semiconductor component") include the complex 
fabrication method requiring very many mask steps to fabricate 
the complicated layer sequence and the different doping 
thereof . 

20 Summary of the Invention: 

It is accordingly an object of the invention to provide a 
semiconductor component that overcomes the hereinafore- 
mentioned disadvantages of the heretofore -known devices of 
this general type and that derives a signal from a high load 

25 voltage; this signal can be used directly for driving the 
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semiconductor component or, alternatively, a control device. 
A further object is to fabricate the semiconductor component 
in a simple manner. 

With the foregoing and other objects in view, there is 
5 provided, in accordance with the invention, a semiconductor 
component. The semiconductor component can be vertical or 
lateral. The semiconductor component includes a substrate, a 
more highly doped layer, a multiplicity of MOS cells, a first 
well, a first source region, a first gate, a plurality of 
further MOS cells, and at least one region of the second 

I . E 

J » ? 

|.j conductivity type. The substrate of a first conductivity type 

* *■ 

iy has a first and a second side covered by an insulating layer 
on the first side. The more highly doped layer of the first 
□ conductivity type is applied on the second side. The metallic 

t; » s 
its 

drain contact is applied on the more highly doped layer. The 
i'^ multiplicity of MOS cells on the first side of the substrate 
is for forming a first semiconductor switch. Each MOS cell 
has a first well of the second conductivity type, the first 
well being introduced into the substrate and reaching the 
20 first side; a first source region of the first conductivity 

type is incorporated into the well, reaches to the first side 
of the substrate, and connects to a first metallic source 
contact extending through the insulating layer. A first gate 
is on the side of the insulating layer that is remote from the 
25 substrate. The gate partly covers the well and connects to a 
metallic gate contact. A plurality of further MOS cells 
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constructed like the multiplicity of MOS cells has a second 
well, a second source region, and a second gate on the first 
side of the substrate for forming a second semiconductor 
switch; the second source regions of the further MOS cells 
5 connect to a second source contact on the first side. The 

source contact is electrically insulated from the first source 
contact and extends through the insulating layer. A region of 
the second conductivity type is incorporated into the 
substrate, reaches to the first side, and electrically 
iLi) connects to the second gate of the further MOS cells. The 
j:§ potential of the region floats relative to the potential of 

j : s 

Uj the first and second source regions of the MOS cells and 

riJ further MOS cells. 

i;3 The basic construction and the method of operation are 

I i J 

Xp explained below. The semiconductor component is configured, 
in particular, as a MOSFET or IGBT. In practice, a 
semiconductor component of this type includes a multiplicity 
of MOS cells that are connected in parallel and are introduced 
on a first side of a substrate of the first conductivity type. 

2 0 The load voltage is present between a source contact and a 
drain contact. The voltage present at a gate sets the 
magnitude of the current between the source contact and the 
drain contact. The MOS cells connected in parallel form the 
"active cell array" of the semiconductor component and have a 

25 first source contact. This cell array forms a first 
semiconductor switch . 
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A region of some MOS cells is provided with a dedicated, 
second source contact to derive a signal having a 
significantly lower voltage from the load voltage between the 
source contact and drain contact, according to the invention, 
in the active cell array of the semiconductor component. This 
means nothing more than that the first metallic source 
contact, which is connected to the source regions of the MOS 
cells forming the active cell array, is interrupted. 
Furthermore, in the case of the further MOS cells 
(disconnected MOS cells) , the gate contacts are electrically 
isolated from the first gate contacts of the MOS cells facing 
the cell array. These cells then form a second semiconductor 
switch that shares its drain with the drain of the first 
semiconductor switch. The cells of the second semiconductor 
switch are hereinafter called "start-up cells". The gate of 
the start-up cells is readable and can be conductively 
connected to a likewise separately metallized "source region" 
of further adjacent cells. These source regions of the second 
conductivity type form, with the substrate and at least one 
well of the start-up cells, which are likewise of the second 
conductivity type, at least one parasitic transistor, which 
are hereinafter called "gate-drive cell". These cells have a 
drain terminal shared with the first and second semiconductor 
switches . 

The potential of the "'source regions" floats relative to the 
source potential of the start-up cells and relative to the 



!■ 
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source potential of the MOS cells of the semiconductor 
component that belong to the active cell array. If the source 
potential of the start-up cells is capacitively coupled to the 
source potential of the MOS cells of the active cell array of 
5 the semiconductor component, then it is the case that, due to 
this capacitive coupling, in the event of a rising drain- 
source voltage across the active cell array, the voltage 
between the source region of the start-up cells and the drain 
region of the semiconductor component also rises. All the 
10 cells of the semiconductor component share the drain region of 
the active cell array. As a result of the capacitive 
coupling, a space charge zone that extends both vertically and 
laterally forms around the well surrounding the source region 
of the start-up cells. As soon as the space charge zone 

i. .i. 

l;S reaches the adjacent source region", these are coupled in 
iy terms of potential. The voltage at which the space charge 
M zone reaches the adjacent source regions of the gate -drive 

cells is hereinafter called ''punch -through voltage". In this 
case, the punch- through voltage can be set by the doping of 
2 0 the substrate at the surface and by the distance between the 
source region and the start-up cells. It is ideally set to a 
value distinctly above the threshold voltage of the start-up 
cell, but below the maximum specification limit thereof: a 
value of twelve volts (12 V) being customary in high-voltage 
25 power technology. This voltage cannot be exceeded even in the 
event of very high drain-source voltage differences of the MOS 
cells of the active cell array. This is of great importance 
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particularly in the event of very rapid du/dt peaks in the 
load circuit because the gate voltage of the start-up cells is 
intended to be switched by the potential of the source 
regions. This natural limiting of the voltage occurring at 
5 the source regions achieves perfect protection of the gate 

oxide of the start-up cells. The voltage to be applied by the 
start-up cells typically lies between ten and fifteen volts 
(10 - 15 V) . This voltage is sufficient for operating a 
control device (for example a control IC) and for directly 

\1M driving the first gate of the MOS cells of the active cell 

i;3 array. 

i. :J 

Id 
FU 

rtl Furthermore, the semiconductor component according to the 
n invention has the advantage that even negative supply 

: 

□ potentials between the source and drain contacts of the active 

IS cell array do not lead to destruction of the start-up cells or 
gate-drive cells (i.e. of the source region). In this case, 
the "body diode" formed between the well with respect to the 
substrate of the start-up cells or source regions functions as 
a protective element. Therefore, no voltage difference of 

20 more than -IV with respect to the drain region can occur at 
the gate of the start-up cells. By contrast, the potential 
difference of the second gate of the start-up cells relative 
to the source potential of the start-up cells can assume large 
values if the voltage of the start-up cells is buffered by an 

25 external charge store and is not limited- Therefore, external 
voltage limiting with a zener diode, for example, is 
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advantageous when using the semiconductor component according 
to the invention. In practice, however, there is no 
restriction on use because, in the standard power technologies 
used, the gate oxide can be continuously loaded up to twenty- 
volts (< 2 0 V) and momentarily loaded up to fifty volts 
(< 50 V) . 

In one preferred configuration of the MOS cells, the gate- 
drive cells, or source regions of the second conductivity 
type, are surrounded exclusively by the start-up cells. 
Together, they form a structure that switches on the MOS cells 
of the active cell array. 

As an alternative, at least one start-up cell can be 
surrounded exclusively by gate-drive cells (or source regions 
of the second conductivity type) . The resulting structure 
switches on the MOS cells of the active cell array. 

This structure that switches on the active cell array can 
advantageously be configured adjacent the MOS cells of the 
active cell array or be completely surrounded by the MOS cells 
of the active cell array. This configuration produces a 
signal having, in comparison, a significantly lower voltage 
generated from the voltage present between the drain and 
source contacts of the active cell array. This signal can be 
used for driving either the first gate of the semiconductor 
component or, alternatively, a control IC. 
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A lateral insulation is advantageously provided between the 
MOS cells of the active cell array and the structure that 
switches on these cells, in order to avoid parasitic effects. 



In a further advantageous refinement, the source region of the 
gate-drive cell is disposed near the drain electrode holding 
the charge. Then, by virtue of the propagation of a space 
charge zone between the MOS cells of the start-up cell and the 
source region of the gate-drive cell, the gate can drive the 
start-up cell in all cases. The source region of the gate- 
drive cells is adapted to the punch- through voltage in the 
event of a threshold voltage being exceeded in the load 
circuit of the semiconductor component, which threshold 
voltage can be predetermined by the configuration of the 
source region . 



A minimal power is required for driving the second gate of the 
start-up cell, since MOS gates require a minimal gate charge 
on account of their capacitive coupling to the substrate. 
This minimal charge has to be accumulated during the 
propagation of the space charge zone from the source region of 
the gate-drive cell. At the same time, the potential of the 
source regions of the gate -drive cell must be higher than the 
source potential of the start-up cell at least by the 
magnitude of the threshold voltage of the start-up cell. 
Therefore, a charge carrier reservoir connected to the source 
region of the gate-drive cell must be present. 
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This merely means that the source region of the gate-drive 
cell must be configured in such a way as to enable effective 
accumulation of the charge by the gate-drive cell through the 
formation of an electric field. Therefore, the source region 
5 of the gate-drive cell is configured in such a way that the 
latter is completely depleted in the event of propagation of 
the space charge zone between the source region of the start- 
up cell and the drain region. The local electric field 
generated by this region relative to the substrate must be 
a|:Q high enough that the depletion charge flows into the source 
□ region of the gate-drive cell, and charges the latter further, 

1 s : 

Ly even in the event of a positive potential of the source region 

m 

iU of the gate-drive cell relative to the potential of the start- 
H up cells or the potential of the wells of the second 
Oiii conductivity type of the MOS cells of the active cell array. 
rU The configuration of such a region, a buried region, is known 
i'- from "compensation components". These regions can 

advantageously be fabricated in a simple manner without a 
further additional mask relative to a standard process in the 
20 case of compensation components. The fabrication method is 
described for example in German Patent DE 198 40 032, 
corresponding to International Publication WO 00/14807, which 
was not published before the priority date. In the case of a 
semiconductor component of vertical construction, therefore, 
25 the source region is advantageously extended orthogonally with 
respect to the main sides of the first substrate in the 
direction of the drain region. 

- 11 - 
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In an advantageous refinement, the wells of the second 
conductivity type of the MOS cells and of the start-up cells 
may likewise be formed orthogonally with respect to a main 
side of the semiconductor component in the direction of the 
5 drain electrode. The advantages are that a high avalanche 
strength and a large current -carrying capacity before or 
during breakdown are made possible as a result in the active 
cell array of the semiconductor component. 

In the case of a semiconductor component of lateral 
13 construction, the source region of the gate-drive cells is 
Ly advantageously formed parallel to the main sides of the 
rU substrate in the direction of the drain region. In this case, 
the source region of the gate-drive cells may run along the 
top side in the substrate of the semiconductor component. 

y?. i 

ry 

i=5 The source region of the gate-drive cell is dimensioned in 

such a way that the charge of this region suffices to charge, 
at least to the threshold voltage of the start-up cells, the 
gate to be switched of all the start-up cells whose gates are 
connected to the source region of the gate-drive cells. In 

20 this case, dimensioning can be understood to mean both the 
spatial configuration and the doping of the source region. 
Since parasitic capacitances and leakage currents occur in 
practice, dimensioning with which, for example, the gate of 
two start-up cells can be charged by a gate-drive cell is 

25 advantageous. Depending on the configuration of the source 
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region of the gate-drive cell, it may be necessary to use a 
plurality of gate-drive cells for driving a start-up cell. 

In order to prevent unintentional latching in the source 
region, the source region preferably is without a region of 
5 the first conductivity type. Consequently, a switch-on of a 
parasitic bipolar structure in the source region is prevented 
even in the event of a high hole current . The customary 
implantation during the fabrication of a conventional MOS cell 

l:^ should therefore be shaded at the locations of the gate-drive 

IS cells via phototechnology . 

iy Because the start-up cells supply a permanent charging current 
even when a high drain- source voltage of the active cell array 
Q is present, they must be both short-circuit-proof and 
fU thermostable. In order to obtain the short-circuit strength, 

t. »^ 

is partial shading of the channel terminal implantation should 
advantageously be performed. A procedure of this type is 
described for example in commonly owned German Patent 
DE 198 08 348 CI, corresponding to U.S. Patent No, 6,271,562. 

In a further advantageous refinement, the source regions are 
20 laterally insulated from the start-up cells in order to form 
"surge detection cells". The surge detection cells are 
configured in such a way that the breakdown voltage of these 
cells lies below the value of the breakdown voltage of the MOS 
cells of the active cell array. The source regions of the 

- 13 - 
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surge detection cells can therefore reach into the substrate 
to a lesser extent than the wells of the second conductivity 
type of the MOS cells of the active cell array. These regions 
are advantageously provided for contact-connection with a 
5 resistor. Overvoltage detection is achieved in a simple 
manner as a result. As an alternative or in addition, the 
doping of the surge detection cell can be chosen in such a way 
that its breakdown voltage has a lower value than the 
breakdown voltage of the MOS cells of the active cell array, 
%Q e.g. by increasing the doping of the p-type region 13' below 
Q the p-type well. As soon as the drain-source voltage of the 
lU semiconductor component exceeds the breakdown voltage of the 
nJ surge detection cell, a current that raises the potential of 

the cell flows in the cell. This voltage rise can then be 
ii detected (i.e. with a resistor) and used as a trigger of 
= ":f suitable protective measures, for example, with a control IC. 
It would also be conceivable for the gate of the MOS cells of 
the active cell arrays to be driven directly, and protected, 
with a suitable metallization. The variation of the breakdown 
20 voltage can be achieved most simply by the source regions of 
the surge detection cell reaching into the substrate to a 
lesser extent than the wells of the second conductivity type 
of the MOS cells of the active cell array. The fabrication 
process known from the compensation elements can then 
25 advantageously be used or varied. 
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Consequently, the advantage of the surge detection cell is 
that active zener protection that is completely independent of 
external circuit measures can be realized in a simple manner. 
The potential rise of the surge detection cell can be used 
5 directly for switching on the first gate of the MOS cells of 
the active cell array via a plurality of start-up cells. As a 
result, the drain- source voltage of the semiconductor 
component and, correspondingly, the potential of the surge 
detection cell decrease. Consequently, a stable situation is 
i=© established in which a first gate voltage different from zero 

•:ss? 

Q volts (0 V) is present and wherein a drain- source voltage 

above the breakdown voltage of the surge detection cell but 

ill 

below the breakdown voltage of the main transistor is 
established. The semiconductor component is thus protected 
1^ and cannot attain avalanche. 

rs : 

•■.S3? 

When wiring with an external resistor, the first gate is 
switched on only when the breakdown voltage of the surge 
detection cell is exceeded. However, if the threshold voltage 
is exceeded in the region of the punch- through voltage of the 

20 surge detection/start -up cell array, the first gate of the 
semiconductor component remains switched off. In order to 
protect the surge detection cell, the external resistor must 
be dimensioned in such a way that, in the case of a maximum 
current -carrying capacity of the surge detection cell, the 

25 drain potential exceeds the breakdown voltage of the main 

transistor. Seen figuratively, the approximately rectangular 
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breakdown characteristic curve of the active cell array is 
consequently initially intersected with a resistance straight 
line. In an advantageous manner, the surge detection cell is 
laterally insulated in such a way that the voltage rise of the 
5 source region of the surge detection cell leads neither to the 
switching-on of the body diode with respect to the substrate 
nor to breakdown with respect to adjacent cells that are at 
the source potential. Suitable edge structures are described 
for example in German Published, Non-prosecuted Patent 
i=© Application DE 197 48 524 Al . 

The dimensioning of the self -switching-on structure, including 

:' Iff 

|W start-up cells and parasitic gate-drive cells, can 

'"'e.t 

advantageously be facilitated by cascading a plurality of 

i:::s 

^ Stages of gate-drive cells and start-up cells, respectively. 

j •iir 

iJJ Thus, a plurality of gate-drive cells can switch on, for 

example, ten start-up cells. Therefore, the charging current 
thereof is used to switch on a further thousand (1,000) start- 
up cells. The current of these cells can then be utilized for 
rapidly switching on a large -area active cell array. 

20 If the drain-source voltage falls below the value of the 

externally buffered source potential of the start-up cells, 
the charging current of the start-up cells is extinguished. 
This makes it possible to realize, for example, voltage zero- 
point identification or a status signal. 
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For renewed switching-on of the start-up cells, it is then 
necessary to renew the buried charge in the source region of 
the gate-drive cell. Because the potential of the source 
regions of the gate-drive cell floats, this cannot be done by 
5 diffusion of holes from the source region itself, since no 

current can subsequently be supplied externally. However, the 
required charge can be provided by injection of holes from the 
source region of the start-up cells. For this purpose, the 
source region in the start-up cells must be connected to a 
it small capacitor, so that the potential of the well of the 

second conductivity type of the start-up cells is held at a 
positive voltage. As soon as the drain-source voltage of the 

■ * «i ■ 

\}\ start-up cell falls below this potential, the body diode 

injects holes. Consequently, an existing space charge zone 

i" ~~ 

i:i below the gate-drive cell is reduced very rapidly since the 

I'M 

L:f depleted source regions are reverse-biased with respect to the 

li sib 

substrate and thus represent the most negative potential for 
the injected holes in the vicinity. The source region of the 
gate-drive cell is thus flooded with holes and is thus again 
20 available for a repeated switch-on cycle. 

The semiconductor component according to the invention can be 
used both for n-channel transistors and for p -channel 
transistors. If the semiconductor component is embodied as an 
IGBT, a reset structure is not required since the holes can be 
25 injected via a rear-side emitter. In the event of a large 
injection of charge carriers, however, the potential of the 
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gate-drive cell can rise far in excess of the potential of the 
start-up cell, whereby there is the risk of destruction of the 
gate oxide. This can be reduced by limiting the voltage 
between the start-up cell and the source region of the gate- 
5 drive cell. 



Other features which are considered as characteristic for the 
invention are set forth in the appended claims. 

i,,L Although the invention is illustrated and described herein as 
embodied in a semiconductor component, it is nevertheless not 
Id intended to be limited to the details shown, since various 
ry modifications and structural changes may be made therein 

'CjS 

without departing from the spirit of the invention and within 
Q the scope and range of equivalents of the claims. 

Vil 

m ^ M 

I IV 

The construction and method of operation of the invention, 
15 however, together with additional objects and advantages 

thereof will be best understood from the following description 
of specific embodiments when read in connection with the 
accompanying drawings . 

Brief Description of the Drawings: 
20 Fig. 1 is a simplified, schematic diagram of a semiconductor 
component according to the invention; 
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Fig. 2 is a cross-sectional view through part of a vertical 
semiconductor component ; 

Fig. 3 is a plan view of the vertical semiconductor component 
according to the invention; 

5 Fig. 4 is a schematic diagram of a further embodiment of the 
semiconductor component showing the physical method of 
operation; 

•:5sr 

□ Fig. 5 is a schematic diagram of a further embodiment of the 
UJ semiconductor component showing the principle of cascading; 

i'S 5 

: 

i"H s 

t S;S 
I. S 

10 Fig. 6 is a plan view showing a basic cell configuration and 
the electrical wiring thereof for cascading; and 

!:e ; 
; Iff 

1-3= Fig. 7 is a cross-sectional view through a lateral 
semiconductor component according to the invention. 

Description of the Preferred Embodiments: 

15 Referring now to the figures of the drawings in detail and 

first, particularly to Fig. 1 thereof, there is shown a simple 
electrical equivalent circuit diagram of a semiconductor 
component 2 0 according to the invention. The semiconductor 
component 2 0 has an n-channel MOSFET M formed from a 

20 multiplicity of MOS cells that are connected in parallel and 

represent the active cell array of the semiconductor component 
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20. A drain terminal D and a source terminal S form the two 
load terminals of the semiconductor component 20. A high 
voltage, which might be in the region of several hundred 
volts, for example, is present at the load terminals D, S. 
5 Moreover, a further n-channel MOSFET SU is provided, which is 
connected by its drain terminal to the drain terminal D of the 
MOSFET M. A parasitic transistor GD is connected by its drain 
terminal likewise to the drain terminal D of the MOSFET M. 
Its gate terminal is connected firstly to the gate terminal of 
fcti the MOSFET SU and secondly to the source terminal Sqd of the 

transistor GD. The potential of the source terminal Sqd floats 
relative to the source potential of the MOSFETs M and SU. 

;i c : 

In practice, a capacitor 21 will be connected between the 
source contact S of the MOSFET M and the source contact Ssu of 
the MOSFET SU, as is indicated by broken lines in Fig. 1. By 
virtue of the capacitive coupling of the two source terminals, 
when a specific threshold voltage is exceeded between the 
drain terminal D and the source terminal S, the parasitic 
transistor GD is able to turn on the MOSFET SU, which could 

2 0 then drive for example a control IC (see Figs. 4-5) with a low 
voltage potential in comparison with the load terminals, 
which, for its part, could be connected to the gate G of the 
MOSFET for driving purposes. The magnitude of the threshold 
voltage at which the semiconductor switch SU is turned on can 

25 be fixed by technological measures (implantation dose, gate 
oxide thickness) . 
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Fig. 2 shows a cross section through the vertical 
semiconductor component according to the invention. The 
semiconductor component 20 has a substrate 1 having a first 
side I and a second side II, which substrate is n-conducting 
5 in the present example. A highly doped region of the same 
conductivity type is disposed on the second side II, which 
region constitutes the drain region 2. A metallization layer 
is applied on the drain region 2, on the side remote from the 
substrate 1, which metallization layer constitutes a drain 
10 contact 3 . 



A multiplicity of MOS cells M is provided on the first side I 
of the substrate 1, only two MOS cells M being illustrated in 
a manner representative of the multiplicity. In this case, a 
MOS cell M has a first well 4 of a conduction type, p in the 
iW present case, opposite to the substrate, which first well 4 is 
introduced into the substrate 1 and reaches to the first 
side I. A first source region 5, which is n-conducting, is 
introduced in the p-type well 4. This source region 5 reaches 
to the first side I of the substrate 1. 



20 An insulating layer 8 is applied on the first side I of the 
substrate 1. This insulating layer 8 is perforated at the 
locations of the first source regions 5 of the MOS cells M, so 
that the first source region 5 is electrically conductively 
connected to a first source contact 6. A first gate 7 is 

25 applied on the insulating layer 8, which first gate 7 partly 
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covers the p-type well 4 and is likewise connected via a 
metallic gate contact (not shown) . 



Further MOS cells SU are provided in the substrate 1, in a 
manner isolated from the MOS cells M by a lateral 
5 insulation 8. The further MOS cells, so-called start-up cells 
SU, are in this case constructed in exactly the same way as 
the MOS cells M. This means that a p-type well 4' is 
incorporated into the substrate 1, into which well, for its 
part, a source region 5* is incorporated, which reaches to the 
10 first side I. The source region 5* is electrically connected 

I. si 

mJ to a second source contact 6 ' reaching through the insulating 
nj layer 8, The first and the second source contact 6, 6* are 
not electrically connected to one another. The same applies 

i. .L 
*• 

i;=^ to the corresponding gate contacts (not shown) . 

1 y 

!*5 I 

is A second gate 7 » is situated on the insulating layer 8 and at 
least partly covers the p-type well 4*. Furthermore, the 
gate 7' partly covers a source region 11 which, together with 
the p-type well 4' and the substrate 1, forms a parasitic pnp 
transistor. The latter is referred to as a "gate-drive cell" 

20 GD. The gate-drive cells GD are electrically connected to the 
gate 7'. The electrical connection to the gate 7* can be 
made, for example, via a metallic contact -connect ion 10. 



In order to ensure that the start-up cells SU are turned on 
when a threshold voltage is exceeded between the drain 
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contact 3 and the first source contact 6 of the semiconductor 
component, the p-type region 11 is configured in such a way 
that the charge situated therein suffices to bring the second 
gate 7 » to a sufficiently high potential. Therefore, provided 
5 below the p-type region 11 lies a further region 11' of the 
same conductivity type, which is electrically readily 
conductively connected to the p-type region 11. 



\:9 c 



Fig. 3 illustrates the preferred configuration of the p-type 
regions 11, 11', that is to say the p-type region 11' extends 
XQ orthogonally from the first side 1 to the second side II of 
the semiconductor component . In order to increase the 
y current -carrying capacity before or during breakdown and also 
to achieve a high avalanche strength of the MOS cells M, a p- 
type region 12 formed orthogonally to the first side I is 
i§ likewise provided below the p-type wells 4. The same likewise 
applies to the start-up cells SU, in which there is a buried 
p-type region 12' below the second p-type well 4'. 



In Fig. 3, the buried p-type region 11 is surrounded by (in 
cross section) two start-up cells SU. It would also be 
2 0 conceivable for a start-up cell SU to be surrounded by buried 
p - type regions 1 1 . 



Furthermore, Fig. 3 illustrates a "surge detection cell" SD, 
which, in principle, is constructed in a similar manner to a 
gate-drive cell GD. The surge detection cell SD also has a 
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buried p-type region 13 below its p-type region SD, but the p- 
type region 13, compared with the p-type regions 12 of the MOS 
cells M, is formed to a lesser extent in the direction of the 
second side. As a result, the surge detection cell SD has a 
5 reduced breakdown voltage compared with the MOS cell M. It 
can then be used as overvoltage detection in the case of 
wiring with an external resistor. Furthermore, in the case of 
suitable wiring with the start-up cells, active zener 
protection of the semiconductor component is possible. 
i^B Furthermore, the surge detection cell SD is laterally 
insulated from the start-up cells SU. 

• • w 

If the highly doped n"*"-type layer 2 is replaced by a p -type 
layer, then the semiconductor component is embodied as an 

y.th 

IGBT, whereas a MOSFET forms the basic structure in the 
|Jf present drawing. 

Fig. 3 shows one possible configuration of the different cell 
types of the semiconductor component according to the 
invention in a plan view. In the present case, the gate-drive 
cells GD are surrounded exclusively by start-up cells SU. 

20 However, it would also be conceivable for a plurality of 
start-up cells to be surrounded exclusively by gate-drive 
cells. This configuration is, for its part, in turn 
surrounded by a lateral insulation, which is in turn 
surrounded by MOS cells M. The layout of the individual cells 

25 can be effected in a known manner in this case. A strip 
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layout is possible; the cells can have a circular cross 
section and occupy a hexagonal area packing or, in the case of 
a circular cross section, occupy an approximately square area 
packing or have a strip-shaped cross section. The same 
5 applies to the configuration of the start-up cells and the 
gate-drive cells. 

Fig. 4 shows an electrical equivalent circuit diagram for the 
semiconductor component according to the invention that is 
Ui: known from Fig. 3. Fig. 4 reveals the physical method of 
i;C| operation particularly well. The semiconductor component 20 

i S 2 

Id according to the invention has a MOSFET M including a 
iU multiplicity of MOS cells that are connected in parallel and 
form the active cell array. On the drain side, the MOSFET M 
="1 is connected to the drain terminal of a further MOSFET SU. On 

i 5 : 
: -.zr 

llM the source side, the MOSFET SU is connected via an integrated 
1^=^ circuit IC to the gate G of the MOSFET M. It would also be 
conceivable for the source terminal of the MOSFET SU to be 
directly connected to the gate of the MOSFET M. Capacitance 
C2 represents the gate-source capacitance of the MOSFET SU. A 

2 0 further capacitance 01 is connected up between the gate and 
the drain terminal of the MOSFET SU. This capacitance 
represents the charge present in the buried p-type region 11, 
11' (space charge zone capacitance). Furthermore, a diode Dl 
is connected in parallel with the capacitance CI, the anode 

25 terminal of the diode being connected to the gate of the 
MOSFET SU, while the cathode terminal is connected to the 
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drain terminal D. Two zener diodes ZDl, ZD2 are reverse - 
connected in series between the gate and the source of the 
MOSFET SU. This means that the anode terminal of the zener 
diode ZDl is connected to the gate of the MOSFET SU, the 
5 cathode terminals of the zener diodes ZDl, ZD2 are connected 
to one another, while the anode terminal of the zener diode 
ZD2 is connected to the source Ssu of the MOSFET SU. The 
capacitance CI, the diode Dl, and the two zener diodes ZDl, 
ZD2 form the gate -drive cell GD. Furthermore, the gate of the 
±6 MOSFET SU represents the "source terminal Sgd" of the gate- 
drive cell GD. Moreover, an external charge store 21 

; 5 1 

1;!=^ connected up between the source terminals, the MOSFETs SU, M, 

:'5 I 

is represented by broken lines in Fig. 4. 

t . 

The diode Dl represents the junction between the buried p-type 

I y 

i'i s 

region 11, 11" and the substrate 1. The zener diodes ZDl, ZD2 
reverse -connected in series form the parasitic transistor 
between the buried p-type region 11, the substrate 1 and the 
p-type well 4' of the start-up cell SU. The spacing between 
the start-up cell and the buried p-type region 11, 11* is such 

20 that the two zener diodes ZDl, ZD2 ideally have a reverse 
voltage of approximately 8 volts. The dimensioning of ZDl, 
ZD2 should ideally be identical. The threshold voltage of the 
MOSFET SU should be approximately 4 to 5 volts. The turning- 
on of the MOSFET M by application of a high voltage between 

25 the drain and source terminals can be explained as follows: 
the gate-drive cell GD serves as control electrode for the 
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MOSFET SU. This means that no current flows in the gate-drive 
GD itself; a current for charging the gate of the MOSFET SU is 
provided only on application of a high voltage between the 
drain and source terminals. The capacitance CI forms a 
5 voltage divider together with the zener diodes ZDl, ZD2 
reverse -connected in series. On application of the high 
voltage between the drain terminal D and the source terminal 
S, the potential at the center tap of the voltage divider 
begins to rise. The charge that is stored in the capacitance 
1^ CI and is provided from the buried region 11, 11' begins to 
i"--^ charge the gate -source capacitance C2 of the MOSFET SU. This 
'i;^ causes the MOSFET SU to turn on; a current can flow to the 

;•? £ 

i/=J source terminal Ssu of the MOSFET SU. Due to the external 

capacitance 21, the potential at the source terminal Ssu begins 
to rise. The zener diode ZD2 then performs a voltage-limiting 
'Jz function, i.e. the voltage between the gate terminal and the 
source terminal of the MOSFET SU is held at a value of 
approximately 8 volts. This value can be set by the 
dimensioning of the zener diodes ZDl, ZD2 . Due to this 
20 permanent potential difference, the MOSFET SU remains in the 
on state. 



'taw 
lizh 



The capacitance 21 is dimensioned in such a way that the 
voltage value present at the source terminal Ssu reaches a 
magnitude that can drive the integrated circuit IC. The 
25 latter can then drive the gate of the MOSFET M, and turn the 
latter on, in a suitable manner. 
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The MOSFET M is switched off only when the MOSFET SU is in an 
off state. For this purpose, on one hand, it is conceivable 
for the source terminal Ssu to be short-circuited with the 
source terminal S of the MOSFET M. On the other hand, it 
would also be conceivable for the source terminal Ssu to be 
connected to the source terminal Sqd/ so that the capacitance 
C2 could be discharged. 

The diode Dl simultaneously represents a surge detection cell 
SD. Active zener protection of the MOSFET M is possible by 
suitable dimensioning, which is determined either by the 
doping or, alternatively, the depth of the buried region 13 * . 
The breakdown voltage of the diode Dl, which then acts as a 
zener diode, must be set in such a way that it is smaller than 
the breakdown voltage of the MOSFET M. If the breakdown 
voltage of the diode Dl is exceeded, then it supplies a 
charging current for the gate of the MOSFET Ssu# which is 
turned on in the manner described, and in this way turns the 
MOSFET M on. Destruction of the MOSFET M can thereby be 
prevented. 

As already mentioned in the introductory part, it is also 
conceivable, given suitable dimensioning of all the components 
shown, for the gate of the MOSFET M to be directly connected 
to the source terminal of the MOSFET SU. 
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Fig, 5 shows an extension of the equivalent circuit diagram 
from Fig. 4. Fig. 5 illustrates cascading of the start-up 
cells. If, by way of example, the gates of ten start-up cells 
SU are charged by the capacitance CI, then the current 
5 generated at the source terminal Ssu can be used to drive the 
gate of in each case a further ten start-up cells Ssu' . In 
total, then, 100 start-up cells Ssu- are in the on state, which 
can in turn each turn on ten further start-up cells Ssu''- 
1000 start-up cells Ssu- ■ are then available which can charge 
1© the external capacitance 21. This simple cascading makes it 
possible also to drive a large active cell array (MOSFET M) . 
In the example described, it was assumed that a start-up cell 
SU was able to turn on ten further cells. In accordance with 
the number of cascading stages, any desired charge can be 

lists 

i;^ generated which suffices to turn on a MOSFET M. 



1 ? 



: IS 



^ Fig. 6 illustrates a plan view of a cell array cascaded in 

this way. A buried p-type region 11 is electrically connected 
to two adjacent gates 6'. The gates 6* turn on the adjacent 
start-up cells SU that, on the source side, are electrically 
20 connected to further gates 6* • . The gates 6' ' can be used to 
turn on a further twelve start-up cells SU' , which can then be 
connected, for example, directly to the gate of the MOSFET M. 



In the case of cascading the start-up cells care must be taken 
to ensure that the gate metallization layer of each cascade 
25 can be contact -connected externally- In order to switch the 
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MOSFET M off, each individual cascading stage must be switched 
off, so that a charge "remains" in none of the start-up cells. 



In Fig. 7, the cells illustrated have a square layout. It is 
also conceivable, of course, for the cells to be of circular 
5 or hexagonal construction. 



Fig. 7 shows a cross section through a laterally constructed 
semiconductor component. On the left-hand side. Fig. 7 shows 
the MOS cells M constructed in a known manner. In the same 

... 

iiJj way as in the case of the vertically constructed semiconductor 

^ M Z 
'1 "I? 

1§ component, the start-up cells SI are provided with a 

llj dedicated, second source contact. This second source 

'"4 

contact 6 ' is electrically insulated from the first source 
contact 6 of the MOS cells M. The mutual insulation of the 
ilJ cells is realized by a lateral insulation 9. The gate-drive 

I • MM 

I 5 

is cell GD is embodied as a parasitic transistor between the 
buried p-type region 11, the substrate 1 and the p-type 
well 4 * , the charge required for charging the second gate 7 * 
being present in the buried p-type regions 11, 11'. The 
buried p-type region 11' extends from the p-type region 11 in 

2 0 the direction of the drain 3 along the first side I of the 
substrate 1. The buried p-type region 11' is in good 
electrical contact with the p-type region 11. Furthermore, it 
now goes without saying that the p-type region 11 is 
electrically connected to the second gate 7 ' . 



- 30 - 




GR 99 P 1679 

The present semiconductor component makes it possible to 
generate a signal from a high load voltage at the load 
terminals of a MOSFET or IGBT, which signal is suitable for 
driving a control IC or directly the control electrode of the 
5 semiconductor component . 



itsh 
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